Purpose: To describe several essential surgical techniques that overcome difficulties in performing Descemet membrane endothelial keratoplasty (DMEK) for inexperienced surgeons, especially those who perform DMEK on eyes of Asian patients.
D
escemet membrane endothelial keratoplasty (DMEK) [1] [2] [3] transplants just one layer of the endothelium and the 20-mm-thick Descemet membrane and results in less irregularity on the corneal stromal back surface, achieving quick and consistent improvement in postoperative visual acuity and reduced postoperative graft rejection. [4] [5] [6] Many ophthalmologists in Europe and the United States have begun to perform DMEK for patients with corneal endothelial dystrophy. 7 However, many surgeons are reluctant to perform DMEK because of technical difficulties. 8 DMEK is especially difficult to perform in eyes of Asian patients. The thin membrane graft with the fragile endothelial layer on the outside is easily injured when manipulated. Asians tend to have a narrow palpebral fissure and small deep-set eyes, with a relatively shallow anterior chamber and dark iris ( Fig. 1 ; see Table, Supplement Digital Content 1, http://links.lww.com/ ICO/A472). All of these characteristics of Asian eyes may become obstacles to performing DMEK. 9 Another reason is that the causes of corneal endothelial decompensation in Asians vary and differ from those in whites. Bullous keratopathy after laser iridotomy or complicated cataract surgery and endotheliopathy in pseudoexfoliation syndrome are frequently seen in Japan. 10, 11 In contrast, Fuchs corneal endothelial dystrophy is the most common reason for endothelial keratopathy in Europe and the United States. [12] [13] [14] These various eye conditions may result in diverse problems during and after surgery.
This article outlines several approaches and precautions for DMEK in Asian eyes. The study may be useful when performing surgery for difficult eye conditions, such as a shallow anterior chamber eye or dark iris, in populations other than whites.
METHODS

Patients
Patients with bullous keratopathy who underwent DMEK at Yokohama Minami Kyosai Hospital from January 2015 to July 2015 and were followed for at least 6 months were analyzed retrospectively using medical records. The study protocol was approved by the Institutional Review Board of the Yokohama Minami Kyosai Hospital.
Nine eyes of 9 patients (8 females and 1 male; age, 71.3 6 9.3 years) were included. All DMEK surgery was performed on pseudophakic eyes. Seven eyes underwent only DMEK, and 2 eyes (cases 6 and 7) underwent cataract surgery simultaneously with DMEK. Four eyes underwent cataract surgery with intraocular lens implantation at other hospitals, and the remaining 3 eyes underwent cataract surgery with intraocular lens implantation at our hospital. The etiology of bullous keratopathy varied: 3 eyes had Fuchs corneal endothelial dystrophy and 2 eyes had corneal endotheliopathy due to pseudoexfoliation syndrome (PEX). Four eyes had iatrogenic bullous keratopathy, 2 eyes had undergone argon laser iridotomy, and 2 eyes had previous cataract surgery. The anterior chamber depth of 5 eyes that underwent cataract surgery before the DMEK varied from 1.03 to 2.14 mm. The anterior chamber depth before DMEK was 3.07 6 0.09 mm (range, 2.91-3.19 mm) after intraocular lens implantation (see Table, 
Surgical Techniques and Postoperative Treatment
All patients were given a diuretic such as D-mannitol or acetazolamide shortly before surgery and had a urethral catheter inserted. We performed all surgery under local anesthesia. After retrobulbar anesthesia and a Nadbath facial nerve block, we performed ocular compression using a Honan balloon for 15 minutes.
A precut donor graft (SightLife, USA) was settled on a vacuum punch (Disposable donor punch, Moria, Japan). Then, Descemet membrane was stripped from the corneal stroma with a standard technique. 2, 3, 13 The Descemet membrane of the donor graft was carefully cut with a 7.25-or 7.5-mm-diameter donor punch. Three small marks indicating the direction of the donor graft were placed on the edge of the disc, 15 and the donor disc was again stained with 0.06% trypan blue. The donor disc was stripped from the underlying stroma and the graft was stored in balanced salt solution (BSS plus; Alcon, Fort Worth, TX) until insertion into the anterior chamber.
For the recipient cornea, 2 paracenteses and a 2.7-mm upper corneal or corneoscleral incision were made. The recipient's Descemet membrane with the endothelium was stripped using a reverse Sinskey hook (ASICO, Westmont, IL) and removed from the eye using Hayashi DMEK strippingpeeling forceps (ASICO). A 25-G anterior chamber maintenance cannula was inserted in one side port. An anterior vitreous cutter was inserted in the other side port and peripheral iridectomy was made at the 6 o'clock position using a 25-G anterior vitrectomy cutter. We performed core vitrectomy using a pars plana microincision system when we predicted that the vitreous pressure would be high and the iris would be elevated during surgery. We placed a trocar-mounted microcannula on an appropriate point on the sclera, 3.5 mm from the limbus, inserted a 25-G vitreous cutter into the vitreous cavity, and cut the vitreous for several seconds until the eye was softened. Then, the donor graft disc loaded on an intraocular lens inserter (WJ-60M; Santen, Osaka, Japan) was gently inserted into the anterior chamber. The anterior chamber was infused using an anterior chamber maintainer, and when the graft was completely inserted, infusion was immediately stopped before the inserter was removed. Then, the corneoscleral incision was sutured using 10-0 nylon. When the rolled inserted graft was unfolded using 0.05 mL of air or the double cannula technique, 16 additional air was carefully injected into the anterior chamber underneath the graft, so that the graft attached to the back surface of the recipient corneal stroma. After 15 minutes, the air was partially replaced with BSS. At the end of the procedure, 0.4 mg of subconjunctival betamethasone (Rinderon; Shionogi, Osaka, Japan) and 1.5% levofloxacin eye drops (Cravit; Santen) were administered. Postoperative medications included 1.5% levofloxacin (Cravit; Santen), 0.1% betamethasone sodium phosphate (Sanbetasone; Santen), and 2% rebamipide ophthalmic solution (Mucosta; Otsuka, Tokyo, Japan), starting at 4 times per day for 3 months and then tapered thereafter.
Examinations
In addition to a standard ophthalmic examination, the best spectacle-corrected visual acuity, corneal endothelial cell density (ECD), corneal pachymetry, and graft adaptation were evaluated preoperatively and up to 6 months postoperatively. . Left, The bullous keratopathy is advanced, the anterior chamber is shallow, and the iris color is dark. These characteristics are all challenges for DMEK surgery. Right top, Pachymetry map shows that the cornea is more than 800 mm thick at the apex, indicating that the bullous keratopathy is advanced. Right bottom, The Scheimpflug image shows that the anterior chamber is shallow.
Graft adaptation was assessed by observation using slit-lamp microscopy and anterior segment optical coherence tomography (CASIA SS-1000; Tomey, Nagoya, Japan). Pachymetry was measured by corneal topography (CASIA SS-1000). The preoperative ECD was determined by reviewing the records of donors from the eye bank. Intraoperative and postoperative complications were also recorded, and the postoperative ECD was measured using a specular microscope (SP-3000P; Tomey).
Statistical Analysis
The t test was used to compare mean values where appropriate. All analyses were performed using the statistical software StatView (Abacus Concepts, Berkeley, CA). P , 0.05 was considered significant.
RESULTS
All of 9 enrolled eyes showed graft adhesion throughout the observation period. In those 9 eyes, the best spectacle-corrected visual acuity (logMAR) improved significantly from 0.71 6 0.26 preoperatively to 0.15 6 0.12 at 6 months postoperatively (P = 0.026). The central corneal thickness decreased from 709.5 6 114.6 mm preoperatively to 540.1 6 32.5 mm 6 months postoperatively (P = 0.001). The postoperative corneal ECD was 1371 cells per square millimeter at 6 months, which was a 44.1% 6 16.9% decrease from the preoperative ECD of the donor graft.
One eye (case 3) had idiopathic bleeding from the iris during surgery that prolonged the operating time. Although the implanted graft was attached to the recipient's corneal stroma, it did not become clear. Three weeks postoperatively, we deemed this graft to have failed and performed DMEK again. The second DMEK surgery was uneventful and the cornea became clear. No eyes showed signs of pupillary block, microbial infection, or endothelial rejection.
Partial detachment of the graft that required rebubbling into the anterior chamber was observed in 3 eyes 4 to 14 days after surgery, and the graft showed complete attachment after the rebubbling in all 3 eyes.
DISCUSSION
The causes of corneal endothelial dysfunction vary in eyes of Asian patients, and frequently include PEX corneal endotheliopathy, bullous keratopathy due to laser iridotomy or complicated cataract surgery, or viral infection such as herpes simplex or cytomegalovirus infections. 17, 18 In PEX eyes, the entire ocular tissue, including the pigment epithelium, vascular endothelial cells, stromal cells of the iris, zonular fibers, and lens epithelium are affected, rendering the anterior part of the eye vulnerable. 19 In eyes with bullous keratopathy after argon laser iridotomy, the eyeball is usually small because of hyperopia, and the anterior chamber is also very shallow because of the fragile and sometimes even partially ruptured zonule fibers. 20 In such eyes, the vitreous pressure is easily elevated during surgery, narrowing the anterior chamber and interfering with insertion of the graft into the anterior chamber. The graft can easily be bent over or expelled through the incision.
To solve these problems, the anterior chamber pressure should be controlled during the graft insertion. We administer not only retrobulbar anesthesia but also a Nadbath facial nerve block in all cases when we perform DMEK surgery under local anesthesia to reduce the external eye pressure by grimacing. A diuretic such as D-mannitol or acetazolamide should be given shortly before surgery to reduce the vitreous pressure and a urethral catheter inserted that helps to stop the patient from moving during surgery by providing uresiesthesia. When the vitreous pressure was still high, we performed core vitrectomy just before graft insertion.
We also used an anterior chamber maintainer during graft insertion. At this time, the pressure should be set at 15 to 20 mm Hg to keep the anterior chamber sufficiently deep and wide and not to interfere with graft insertion.
Furthermore, corneal edema of bullous keratopathy in Asian eyes is often advanced, which decreases the visibility of the anterior chamber during surgery. In addition, it is difficult to identify and manipulate the DMEK graft in the anterior chamber in Asian eyes with a dark iris. Therefore, it is necessary to use marks to identify the top and bottom surfaces 15 and stain the graft with a dye as previously recommended. 9 Abrasion of the host edematous epithelium can also improve the visibility of the anterior chamber in some advanced cases.
Using the previously described techniques, the postoperative corneal ECD decreased 44.1% 6 16.9% when compared with the preoperative ECD of the donor graft. Previous studies reported an endothelial loss of 28% to 65% at 6 months after surgery. 5, 15, [21] [22] [23] [24] When considering that we used precut donor tissue transported from the United States, we consider our ECD loss in this investigation to be satisfactory.
Unfolding the graft is generally believed to be easier when the anterior chamber depth is narrower. However, endothelial cells are irreversibly damaged if the endothelial graft is barely inserted into the anterior chamber, and thus pushed back by the aqueous pressure and stuck between the corneoscleral incision or paracentesis. During DMEK in small eyes with a shorter axial length and shallow anterior chamber, uneventful graft insertion into the anterior chamber is the most important determinant of successful surgery. Once the graft is completely inserted, manipulation within the anterior chamber is similar to that of eyes with a deep anterior chamber, as long as we select a smaller donor punch based on the corneal diameter of the recipient.
Taken together, the techniques we introduced in this study should assist surgeons with limited experience in performing DMEK for bullous keratopathy in the eyes of Asian patients, to prevent iatrogenic primary graft failure and to optimize the chances of successful surgery.
